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(54) Hydrogen generating apparatus 



(57) The present specification discloses a hydrogen 
generating apparatus characterized in that a fuel and 
water are fed to the reforming part, which has been 
heated, an oxidant gas from the oxidant gas feeding 
part is mixed in a reformed gas introduced into the shift- 
ing part arid a shifted gas introduced into the purification 
part obtained in the shifting part and at least a part of 
the reformed gas and at least a part of the shifted gas 

FIG. 1 



are oxidized respectively in the shifting part and the 
purification pari. According to the present invention, 
there is provided a hydrogen generating apparatus 
assuming daily starting-up and stopping in which the 
temperatures of catalysts in respective reaction parts 
can be stabilized in a short period of time with a simple 
constitution! 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a hydrogen 
generating apparatus which uses a fuel hydrocarbon or 
the like and water as raw materials and gives a hydro- 
gen gas by steam reforming of the fuel. 
[0002] For producing hydrogen, there are methods 
of steam reforming of fuels. In these methods, fuels 
such as natural gas, hydrocarbons like LPG, alcohols 
like methanol, naphtha and the like and water are used 
as raw materials and the fuels are subjected to a steam 
reforming reaction in a reforming part or reactor 
equipped with a reforming catalyst to generate hydro- 
gen. There is also provided a shifting part convention- 
ally for shifting water and carbon monoxide since 
carbon monoxide is produced as a by-product in the 
above-described steam reforming reaction. 
[0003] Further, when a steam reforming method is 
used for supplying hydrogen to fuel cells, particularly to 
a solid polymer fuel ceil, a purification part utilizing a 
carbon monoxide oxidizing method, methanization 
method or the like is provided for further removal of car- 
bon monoxide in a shifted gas passed through a shifting 
part. The above-described reforming part, shifting part 
and purification part are equipped with catalysts corre- 
sponding to respective reactions and the reaction tem- 
peratures differ depending on the catalysts. Therefore, 
there is a need to heat respective catalysts to respective 
reaction temperatures for stable generation of hydro- 
gen. 

[0004] In such hydrogen generating apparatuses, 
the temperature in the reforming part is most high and 
the temperature lowers gradually in the order of the 
reforming part, the shifting part into which a reformed 
gas flows in and the purification part into which a shifted 
gas flow in since a heating part is provided only in the 
reforming part situated at the upstream side. Therefore, 
there has been adopted a constitution in which the shift- 
ing part and the purification part are heated sequentially 
with heat from the reforming part, for example, heat kept 
in reformed gas or surplus heat in the heating part. 
[0005] In such constitution, however, a long time is 
required before the catalyst temperatures of respective 
reaction parts (reforming part, shifting part and purifica- 
tion part) are stabilized. Surely, there is no specific prob- 
lem in a hydrogen generating apparatus which is usually 
operated in continuous mode used in a plant and the 
like since the operation can be effected white estimating 
the starting- up time. However, such constitution is not 
preferable in a hydrogen generating apparatus which 
effects frequent starting up and stopping and needs sta- 
ble generation of hydrogen in a short period of time. 
[0006] On the other hand, there is also used a 
method in which special heating parts are provided to 
respective reforming part and purification part and the 
starting-up time is shortened by allowing the heating 



parts to actuate when catalysts are heated in starting up 
the apparatus. This method, however, has a problem 
that constitution becomes complicated or the cost of the 
apparatus increases due to integration of the heating 
5 parts into the apparatus. 

[0007] The first object of the present invention is to 
provide a hydrogen generating apparatus assuming 
daily sta r t in g-up and stopping in which the tempera- 
tures of catalysts in respective reaction parts can be 

w stabilized in a short period of time by a simple constitu- 
tion, in view of the above-described facts. 
[0008] In the above-descrfoed steam reforming, 
hydrocarbon-based fuels such as methane, propane, 
gasoline, kerosene and the like are reformed at temper- 

is atures from about 500 to 800°C, and alcohol and ether- 
based fuels are reformed at temperatures from about 
200 to 400°C. 

[0009] In this reforming, higher the reaction temper- 
ature, higher the concentration of carbon monoxide 

20 (CO) generated. Therefore, particularly when hydrocar- 
bon-based fuel is used, a CO shifting catalyst is used 
and CO and steam are reacted to reduce the CO con- 
centration down to 0. 1 to 1% for example. 
[0010] Particularly in the case of a fuel cell which 

25 works at a tower temperature of about 1 00°C like a solid 
polymer fuel cell, there is required decrease in the CO 
concentration down to several ppm level, hence causing 
use of a CO purification catalyst which selectively oxi- 
dizes CO by addition of a trace amount of air. This cata- 

30 lyst has been used as a catalyst body having a form of 
pellet such as cylindrical, spherical and the like. 
[001 1 ] However, when a catalyst body in the form of 
a pellet is used, there has been a problem that since the 
catalyst body collapses due to heat impact in each start- 

35 ing up of a fuel cell and vibration in being mounted on 
vehicles and the like, the catalyst can not be used until 
the life inherent to the catalyst component due to gener- 
ated need of exchange with a novel catalyst body. There 
has been also a possibility that a catalyst powder pro- 

40 duced by collapsing of the catalyst body obstructs the 
fuel flow route of a fuel cell. 

[0012] Namely, conventional hydrogen generating 
apparatuses have no large problem in uses wherein 
only stationary operation is conducted in chemical 

45 plants and the like and frequent starting up operation is 
not required, but have problems in uses wherein stop- 
ping of operation and starting up are repeated and vig- 
orous vibration occurs such as hi fuel cells for domestic 
use or for vehicle use. 

so [001 3] The second object of the present invention is 
to provide a hydrogen generating apparatus which can 
allow the ability of a catalyst body to be fully manifested 
and can provide utilization of the full life of the catalyst 
body, causing stable operation for a long period of time, 

55 even in uses wherein stopping of operation and starting 
up are repeated and vigorous vibration occurs, in view 
of the above-described facts. 

[0014] Further, conventional hydrogen generating 
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apparatuses which provide generation of hydrogen by 
the above-described steam reforming have no means 
provided between these reforming catalyst body, CO 
shifting catalyst body and CO purif ication catalyst body 
to prevent catalyst components from scattering or scat- 5 
tering. 

[0015] When means to prevent scatter of a catalyst 
provided, there is a possMity that heat impact is 
nea to a catalyst body in starting up the hydrogen 
generating apparatus, a catalyst body collapses due to 10 
vibration when placed on vehicles, and when used for a 
long period of time, fallen catalyst components fly to the 
downstream side of a catalyst body. 
[0016] In this case, the scattered reforming catalyst 
methanizes a reformed gas, the scattered CO shifting 75 
catalyst prevents selective oxidation of CO and 
increases the CO concentration by a reverse shift reac- 
tion, providing a factor causing reduction in efficiency of 
the whole apparatus. 

[0017] Thus, conventional methods have no large 20 
problem in uses wherein only stationary operation is 
conducted in chemical plants and the like and frequent 
starting up operation is not required, but have a lot of 
problems in uses wherein stopping of operation and 
starting up are repeated and vigorous vibration occurs 25 
such as in fuel ceils for domestic use or for vehicle use. 
[001 8] The third object of the present invention is to 
provide a hydrogen generating apparatus which elimi- 
nates influence by scatter of a catalyst body and oper- 
ates in a stable manner for a long period of time, for 30 
solving the above-described problems of hydrogen gen- 
erating apparatuses, in view of the above-described 
facts. 

BRIEF SUMMARY OF THE INVENTION 35 

[0019] The present invention provides, for first 
attaining the above-described first object, a hydrogen 
generating apparatus comprising a fuel feeding part, a 
water feeding part for fuel reforming, an oxidant gas 40 
feeding part, a reforming catalyst body, a heating part 
for the above-described reforming catalyst, a CO shift- 
ing catalyst body and a CO purification catalyst body 
and in which the reforming catalyst body, the CO shifting 
catalyst body, the CO purification catalyst body being as 
placed sequentially in , this order from the above-, 
described fuel feeding part toward the downstream 
side, wherein a fuel and water are fed to the above- 
described reforming part which has been heated, an 
oxidant gas from the above-described oxidant gas feed- so 
ing part is mixed with each of the above-described 
reformed gas introduced into the above-descrbed shift- 
ing part and a shifted gas obtained in the above- 
described shifting part and introduced into the above- 
described purification part, and at least a part of the ss 
above-described reformed gas and at least a part of the 
above-described shifted gas are oxidized respectively in 
the above-described shifting part and the above- 



described purification part 

[0020] The above-described fuel feeding part and 
the water feeding part may be integrated, and the CO 
shifting catalyst is a catalyst which allows shift reaction 
of water and carbon monoxide. 
[0021] In this case, it is preferable that a shifting cat- 
alyst of the above-described shifting catalyst body con- 
tains as one component at least a platinum group-type 
catalyst 

[0022] Further, it is preferable that a hydrogen gen- 
erating apparatus has a shifting catalyst temperature 
measuring part which measures the temperature of the 
above-descrfoed shifting catalyst body and the temper- 
ature of the shifting catalyst is controlled by controlling 
the amount of an oxidant gas to be mixed with the 
above-described reformed gas. 

[0023] Furthermore, it is preferable that a hydrogen 
generating apparatus has a purification catalyst temper- 
ature measuring part which measures the temperature 
of the above-described purification catalyst body and 
the temperature of the purification catalyst is controlled 
by controlling the amount of an oxidant gas to be mixed 
with the above-described shifted gas. 
[0024] Still further, ft is preferable that an oxidant 
gas from the above-described oxidant gas feeding part 
is mixed with a fuel and water from the above-described 
fuel feeding part and the water feeding part. 
[0025] Moreover, it is preferable that a hydrogen 
generating apparatus has a reforming catalyst tempera- 
ture measuring part which measures the temperature of 
the above-described reforming catalyst body and the 
temperature of the reforming catalyst is controlled by 
controlling the amount of an oxidant gas to be mixed 
with the above-described fuel and water. 
[0026] In the hydrogen generating apparatus of the 
present invention, it is preferable, for attaining the 
above-described second object, that the reforming cat- 
alyst body, CO shifting catalyst body and CO purifica- 
tion catalyst body comprise a carrier or support having 
a honeycomb structure, foamed body structure or corru- 
gated structure which carries a catalyst component 
[0027] ft may be advantageous that a hydrocarbon 
fuel, alcohol fuel or ether fuel is fed from the above- 
described fuel feeding part. 

[0028] Further, it is preferable that the above- 
described water feeding part for fuel reforming feeds 
also air together with steam. 

[0029] Also, it is preferable that the above- 
described water feeding part for fuel reforming feeds 
only air. 

[0030] As materials constituting the above- 
described carrier, heat-resistant inorganic materials, 
metals and heat-conductive inorganic materials are 
exemplified. Further, the above-described carrier may 
be constituted of a complex material composed of heat- 
resistant inorganic materials and metals or heat-con- 
ductive inorganic materials. 

[0031] Furthermore, the hydrogen generating 
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apparatus of the present invention has, for attaining the 
above-described third object, the above-described scat- 
ter preventing means provided, at least between the 
above-described reforming catalyst body and the 
above-described CO shifting catalyst body or between 5 
the above-described CO shifting catalyst body and the 
above-described CO purification catalyst body. 

[0032] It is preferable that the above-described 
scatter preventing means is a filter and a pressure 
detecting apparatus which detects pressure loss 10 
caused by the above-described filter is placed at the 
upstream side and at the downstream side of the above- 
described filter. 

[0033] As the above-described filter, filters are 
exemplified constituted of ftoer composed of a metal, is 
ceramics or complex thereof. There can also be used fil- 
ters composed of a metal, ceramics or complex thereof 
in the form of mesh, honeycomb or foam. 
[0034] In the hydrogen generating apparatus of the 
present invention, it is preferable that the temperature of 20 
the above-described filter is higher than the tempera- 
ture at which a reformed gas is methanized. 
[0035] Further, ft is preferable that a temperature 
detecting apparatus is provided at a position near the 
above-described filter. 25 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

[0036] 30 

Fig. 1 is a schematic longitudinal section view 
showing the constitution of a hydrogen generating 
apparatus of one embodiment in accordance with 
the present invention. 35 
Fig. 2 is a schematic longitudinal section view 
showing the constitution of a hydrogen generating 
apparatus of another embodiment in accordance 
with the present invention. 

Fig. 3 is a schematic view showing the constitution 40 
of a hydrogen generating apparatus of still another 
embodiment in accordance with the present inven- 
tion. 

Fig. 4 is a schematic constitution view of a hydro- 
gen generating apparatus of a comparative exam- 45 
plel. 

Fig. 5 is a schematic constitution view of a hydro- 
gen generating apparatus of another embodiment 
in accordance with the present invention. 
Fig. 6 is a schematic constitution view of a hydro- so 
gen generating apparatus of another embodiment 
in accordance with the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS ss 

[0037] For easy understanding, the present inven- 
tion will be explained by the below embodiments by 



referring to drawings. 
Embodiment 1 

[0038] One embodiment of the hydrogen generat- 
ing apparatus of the present invention will be first 
described. 

[0039] Fig. 1 is a schematic longitudinal section 
view showing the constitution of a hydrogen generating 
apparatus according to one embodiment of the present 
invention. In Fig. 1, water and fuels such as hydrocar- 
bons and the like which are raw materials for a steam 
reforming reaction are fed from a raw material feeding 
part 1 acting simultaneously as a fuel feeding part and 
a water feeding part for fuel reforming. Namely, in this 
embodiment, the fuel feeding part and the water feeding 
part for fuel reforming are integrated into one part. 
[0040] in a reforming part 2, a reforming catalyst 
part 2b for accommodating a reforming catalyst 2a for a 
steam reforming reaction is provided and it steam- 
reforms a fuel. Herein, as the reforming catalyst 2a, 
there are used, for example, catalyst prepared from 
platinum group noble metals and the like. 
[0041] A reforming catalyst temperature measuring 
part 3 detects the temperature of the reforming catalyst 
2a carried on the reforming catalyst body 2b. A heating 
part 4 is for heating the reforming part 2 in steam- 
reforming a fuel, and herein, a flame burner is used for 
example. 

[0042] A shifting part 6 accommodates a shifting 
catalyst body 6a, and allows carbon monoxide in the 
reformed gas obtained in the reforming part 2 to shift. 
Further, a shifting catalyst temperature measuring part 
7 is provided for detecting the temperature of the shift- 
ing catalyst body 6a. Herein, as the catalyst to be car- 
ried on the shifting catalyst body 6a, there are used 
catalysts prepared from platinum group noble metals or 
catalysts containing at least copper, for example. 
[0043] A purification part 1 0 has a purification cata- 
lyst body 10a such as, for example, platinum group-type 
oxidizing catalysts and the like provided inside, and oxi- 
dizes and/or hydrogenates carbon monoxide in the 
shifted gas obtained in the shifting part 6, to purify the 
shifted gas. Further, purification catalyst temperature 
measuring part 1 1 is provided. 
[0044] A raw material feeding route or path 5 is pro- 
vided from the raw material feeding part 1 to the reform- 
ing part 2, and a reformed gas feeding route 8 is 
provided for feeding a reformed gas from the reforming 
part 2 to the shifting part 6. Further, a shifted gas feed- 
ing route 9 is provided for feeding a shifted gas from the 
shifting part 6 to the purification part 10. The purified 
gas (hydrogen) obtained in the purification part 10 is 
discharged through a hydrogen discharging route 12. 
[0045] Further, from an oxidant gas-feeding part 1 3, 
an oxidant gas such as air and the like is fed to the 
reformed gas feeding route via a first route 13a and an 
oxidant gas is fed to the shifted gas feeding route 9 via 
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a second route 13b. 

[0046] Then, movement of the hydrogen generating 
apparatus of Embodiment 1- in generating hydrogen, 
which is characteristic to the present invention will be 
explained. 

[0047] The hydrogen generating ^paratus of the 
present invention has the heating part 4 provided only in 
the reforming part 2 on the most upstream side, and 
allows this heating part 4 to operate and heat the 
reforming catalyst 2a. Further, water and a fuel such as 
a hydrocarbon and the like which are raw material are 
allowed to contact with the reforming catalyst 2a heated 
through the raw material feeding route 5 from the raw 
material feeding part 1 , for facilitating of a steam reform- 
ing reaction. 

[0048] As described above, the gas discharged 
from the reforming part {reformed gas) is introduced 
into the shifting part 6 via the reforming gas feeding 
route 8, subsequently, the shifted gas obtained in the 
shifting part 6 is introduced into the purification part 10 
through the shifted gas feeding route 12. Further, the 
purified gas (hydrogen) obtained in the purification part 
10 is discharged to outside through the hydrogen dis- 
charging route 9 and fed to a fuel cell and the like, for 
example 

[0049] In this constitution, air is fed from the oxidant 
gas-feeding part 13 through the first route 13a and the 
second route 13b to the reformed gas and shifted gas to 
be mixed. By this mechanism, the catalyst temperature 
in the shifting part 6 and the purification part 10 can be 
increased and stabilized even if a heating part is not 
provided in the shifting part 6 and the purification part 
1 0 and the heating part 4 is provided only in the reform- 
ing part 2. 

[0050] For starting up a hydrogen generating appa- 
ratus at room temperature and feeding, in a stable man- 
ner, hydrogen (purified gas) containing a small amount 
of carbon monoxide, it is necessary that catalysts in the 
shifting part 6 and the purification part 10 are heated to 
suitable temperatures. Then, the hydrogen generating 
apparatus of the present invention utilizes effectively 
heats of the reformed gas and the shifted gas and stabi- 
lizes the catalyst temperature of each reaction part in a 
short period of time, irrespective of the heating part pro- 
vided only in the reforming part 2. 
[0051] Namely, the hydrogen generating apparatus 
of the present invention is characterized in that an oxi- 
dant gas such as air is previously fed and mixed not only 
with a shifted gas introduced into the purification part 
which oxidizes carbon monoxide and decreases the 
amount thereof, but also with a reformed gas introduced 
into the shifting part 

[0052] Next, there will be illustrated more in detail 
how the catalyst temperature in each reaction part in 
the hydrogen generating apparatus of the present 
invention having such constitution is stabilized. 
[0053] The reforming part 2 is heated by the heat- 
ing part 4 to increase quickly the temperature of the 
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reforming catalyst body 2b. The fuel reformed by the 
reforming catalyst 2a becomes a reformed gas, then, 
shifted in the shifting part 6 to become a shifted gas. 
Then, the shifted gas purifies carbon monoxide con- 
tained in the purification part 1 0. 

[0054] In this embodiment of the present invention, 
air from the oxidant gas feeding part is fed and mixed 
with a reformed gas before introduced into the shifting 
part 6 and a shifted gas before introduced into the puri- 
fication part 10. By this, oxygen in the fed air and a part 
of the reformed gas and a part of the shifted gas cause 
oxidation reactions in the shifting part 6 and the purifica- 
tion part 1 0, generating oxidation heats. By these heats, 
catalysts in the shifting part 6 and the purification part 
10 are heated quickly to temperatures suitable for the 
reactions. 

[0055] In the present invention, since heat gener- 
ated in the shifting catalyst body 6a and the purification 
catalyst body 10a are utilized, the amount of such gen- 
erated heat can be controlled by the amount of air fed 
and the control of the catalyst temperature also 



[0056] Further, since a large amount of hydrogen is 
contained in the reformed gas by a steam reforming 
reaction of a fuel such as a hydrocarbon and the like, an 
oxidation reaction can be progressed easily even if cat- 
alysts in the shifting part and the purification part are in 
low temperature condition directly after starting up. 
[0057] According to Embodiment 1 of the present 
invention, the catalyst in each reaction part can be 
heated to an appropriate temperature in a shorter 
period of time than that in a constitution wherein the 
shifting part and the purification part are heated 
sequentially, by using only heat kept in the reformed 
gas, since each reaction part can be heated separately. 
Also, a relatively simple constitution is possible in which 
an oxidant gas-feeding part 13 is only added. 
[0058] In this embodiment, an appropriate treat- 
ment can be made even if the flow rates of raw materials 
to be fed (fuel and water) change. When a small amount 
of raw materials are fed, since the relative amount of 
heat kept in the reformed gas decreases, there is a ten- 
dency that temperatures lower in the shifting part and 
the purification part. Further reason for this is that it 
becomes possfoJe to cause heat generation and main- 
tain temperature in each reaction part by controlling the 
amount of air fed depending on the lowering of the tem- 
perature. 



so Example 1 



[0059] The hydrogen generating apparatus accord- 
ing to Embodiment 1 described above was actually 
allowed to operate. First operation in starting up the 
apparatus will be described. "* 

[0060] The heating part 4 was allowed to operate to 
initiate heating of the reforming part 2. Then, a methane 
gas, which was a hydrocarbon, was used as a fuel. 
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which was a raw material, and 2 moi or more water was 
added per 1 mo! of a methane gas, and fed to the 
reforming catalyst 2a (catalyst prepared from platinum 
group-type noble metal) in the reforming part 2. The 
heating quantity in the heating part 4 was controlled so 
that the temperature of the reforming catalyst became 
about 700°C for proceeding of the steam reforming 
reaction. 

[0061] Then, the resultant reformed gas was fed to 
the shifting part 6 filled with a platinum group-type noble 
metal catalyst. In the shifting part 6, the content of car- 
bon monoxide in the reformed gas is decreased by the 
shifting reaction with water, ft is necessary that the shift- 
ing catalyst body 6a is heated quickly to a temperature 
from about 200 to 350°C for proceeding the shift reac- 
tion. Then, air was fed to the reformed gas, a part of the 
reformed gas component was oxidized using a shifting 
catalyst body 6a, and the catalyst was heated to a tem- 
perature suitable for the reaction. The amount of air to 
be fed was controlled based on the detected tempera- 
ture by the shifting catalyst temperature measuring part 
so that, in the present example, the upper limit temper- 
ature was 350°C. 

[0062] Then, the shifted gas obtained in the shifting 
part 6 was mixed with air fed and introduced into the 
purification part 10. In the purification part 10, carbon 
monoxide is oxidized with oxygen and removed. 
[0063] Also in the purification part 1 0, at least a part 
of the shifted gas component is oxidized by using a puri- 
fication catalyst body 1 0a carrying a purification catalyst 
(platinum group-type oxidation catalyst), and the cata- 
lyst is heated to a temperature suitable for the reaction, 
similarly in the shifting part 6. The amount of air to be 
fed was controlled so that, in the present example, the 
detected temperature in the purification catalyst temper- 
ature measuring part was from 100 to 200°C. 
[0064] The amounts of air fed to the shifting part 6 
and the purification part 1 0 have to be set depending on 
the amount of hydrogen to be generated. In the present 
example as described above, by feeding air to the shift- 
ing part 6 and the purification part 10 and by heating 
each reaction part, the time until the catalyst tempera- 
ture in each reaction part reached the temperature suit- 
able for the reaction could be shorted to about one-forth 
as compared with the case in which air is not fed in the 
constitution of the present invention. 
[0065] Then, the hydrogen generating apparatus 
was operated to give stationary state. 
[0066] Heating operation in the heating part 4 was 
controlled so that the temperature of the reforming cat- 
alyst was about 700°C, and the steam reforming reac- 
tion was proceeded in a stable manner. In this 
stationary state, feeding of air was stopped at the flow 
rate which could maintain the temperature of the shifting 
part by the heat kept in the reformed gas. 
[0067] In this case, in the purification part 10, car- 
bon monoxide could be oxidized (purified) by feeding air 
containing oxygen at an amount corresponding to at 



least a half amount of carbon monoxide in the shifted 
gas, even if the temperature reached to 100 to 200° C. 
{0068] Further, even if the amount of raw materials 
to be fed were changed, the hydrogen generating appa- 

s ratus could reach the stationary state quickly. 

[0069] When the amount of raw materials fed was 
changed up to 3-fold, the catalyst temperature charged 
significantly if air was not fed depending on the catalyst 
temperature. Resuitantly, the concentration of carbon 

10 monoxide at the exit of the purification part 10 revealed 
a value about 10 times larger than that in stationary 
operation. 

[0070] On the other hand, it was confirmed that 
when air was fed depending on the catalyst tempera- 
is ture, approximately the same carbon monoxide concen- 
tration as that in stationary operation could be 
maintained. 

[0071 ] In the present example, the amount of air fed 
was controlled by the catalyst temperature typified by 

20 the detected temperature at each catalyst temperature 
measuring part, however, if the apparatus operation 
conditions are apparent, the amount of air to be fed may 
be set depending on the conditions. 
[0072] While air was fed as a gas containing oxy- 

25 gen, any one may be permissible provided it is a gas 
containing oxygen. Further, the flame burner was used 
as the heating part 4, however, any heating means may 
be permitted providing it can heat the reforming cata- 
lyst. 

30 

Embodiment 2 

[0073] Next, another embodiment of the hydrogen 
generating apparatus of the present invention will be 

35 described. 

[0074] Fig. 2 is a schematic longitudinal section 
view showing the constitution of a hydrogen generating 
apparatus according to one embodiment of the present 
invention. The hydrogen generating apparatus shown in 

40 Fig. 2 has basically the same constitution as the hydro- 
gen generating apparatus shown in Fig. 1 , and effects 
the same operation. In this description, explanations of 
the same parts of them are eliminated, and only differ- 
ent parts are illustrated. 

45 [0075] The different parts include a point in which a 
third route 13c is provided on the oxidant gas-feeding 
part 1 3 and air is fed through the third route to raw mate- 
rials (fuel and water) before introduced into the reform- 
ing part 2. 

so [0076] Also regarding the reforming catalyst in the 
reforming part 2, it is necessary, in starting up, that 
heating is conducted quickly up to the temperature suit- 
able for the reaction. Therefore, the present embodi- 
ment adopts a constitution in which air is fed to raw 

55 materials before introduced into the reforming part 2 
and a part of the raw materials is oxidized by using a 
reforming catalyst to heat the reforming catalyst. 
[0077] By this constitution, the catalyst can be 
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heated to the temperature suitable for each reaction m 
each reaction part, and the time required until stab!e 
feeding of hydrogen ran be turther shortened. 

[0078] Since the relative amount of fed hydrogen 
decreases by feeding air to each reaction part it is pref- s 
erabJe to provide sufficient heat Dissipation^ eventing 
measure to each reaction part and gas feeding route 
from the viewpoint of reduction in the amount of air to be 
fed. For example, each reaction fart and gas feeding 
route may be covered with a heat insulating material. 10 

Example 2 

[0079] The hydrogen generating apparatus accord* 
irtg to Embodiment 2 described above was allowed to is 
operate. 

[0080] The apparatus was operated in the same 
manner as in Example 1 descrfoed above except that air 
was fed to raw materials before introduced into the 
reforming part 2 in starting up and a part of the raw 20 
materials was oxidized in the reforming part 2. it was 
confirmed that by feeding air to raw materials before 
introduced into the reforming part 2, the catalyst tem- 
perature in the reforming part 2 reached to the set tem- 
perature more quickly as compared with Example 1 . 25 
[0081 ] By using platinum group-type catalysts in the 
reforming part 4, the shifting part 6 and the purification 
part 10 as in the present example, oxidation with air of 
the reformed gas and fuel (hydrocarbon), which are raw 
materials, can proceed quickly. 30 
[0082] Particularly, by adopting a constitution in 
which catalysts mainly composed of platinum are com- 
monly used, recycle of the catalysts is easy in recover- 
ing catalysts. Further, reduction treatment of catalysts is 
not needed and oxidation of catalysts does not occur 35 
easily by mixing of air after stepping of the apparatus, 
leading resuftantly to easy maintenance. 
[00B3] Further, catalysts other than platinum group- 
type catalysts may be used in the reforming part 4, shift- 
ing part 6 and purification part 10, in the range wherein 40 
the effect of the present invention is not lost For exam- 
ple, catalysts suitable for respective reactions may be 
appropriately selected by those skilled in the art, such 
as nickel-type catalysts for the reforming part 4, copper- 
type catalysts for the shifting part 6 and gold-type cata- 45 
lyst for the purification part 10, and the like. 
[0084] Further, the catalyst temperature for each 
reaction part may advantageously be set depending on 
the kind of the catalyst used, and as the raw material 
fuel, there may be used any material usually used as a so 
raw material of steam reforming, such as, in addition to 
methane, natural gas, hydrocarbons such as LPG and 
the like, alcohols such as methanol, naphtha and the 
like. 

[0085] According to Embodiments 1 and 2 of the ss 
present invention, a part of oxygen in air fed and raw 
materials or reformed gas are oxidized by using the cat- 
alyst in the reforming part, shifting part or purification 



part, to generate oxidation heat This heat enables 
quxfc heating of the catalyst in each reaction part up to 
the temperature suitable for the reaction. Further, since 
oxidation heat on the reforming catalyst, shifting cata- 
lyst and purification catalyst is utilized for heating, the 
amount of heat generation can be controlled try the 
amount of air to be fed and the catalyst temperature can 
be controlled easily. 

[008S] Moreover, the time required until stable 
hydrogen feeding is obtained hi starting up of the appa- 
ratus can be shortened significantly and change in the 
catalyst temperature in each reaction part in changing 
of the amount of hydrogen generated can be dealt with 
appropriately. 

[COST] Afeo, a relatively simple apparatus constitu- 
tion is possible in which the shifting part and the purifi- 
>n part need no special heating means. 



Embodiment 3 

[0088] Another embodiment of the hydrogen gener- 
ating apparatus of the present invention will be 
explained below. The explanation will be made sequen- 
tially along the f taw of a fuel (raw material gas) in the 
hydrogen generating apparatus of the present invention 
referring to a drawing for easy understanding. 
[0089] Fig. 3 is a schematic view showing the con- 
stitution of one example of a hydrogen generating appa- 
ratus of the present invention. 

[0030] In the hydrogen generating apparatus shown 
in Fig. 3, a fuel is introduced though a fuel feeding part 
21. and steam is added through a water feeding part 22 
for fuel reforming. A raw material gas prepared by mix- 
ing the fuel and steam is heated by passing through a 
f tow route having a heat exchange fin 23. The raw mate- 
rial gas comes into contact with a reforming catalyst 
body 24 heated by a heating burner 25 and reacts 
therewith, to produce a reformed gas. In this operation, 
a combustion gas is discharged from an exhaust port 
26. Then, the amount of CO contained in this reformed 
gas is reduced by a CO shifting catalyst body 27. Fur- 
ther, since CO is required to be removed to several ppm 
level for use in a solid polymer fuel cell, a small amount 
of an oxidant gas such as air and the like is introduced 
through a CO purifying oxidant gas-feeding part 28, and 
CO is oxidized to be removed by using a CO purification 
catalyst body 20. A reformed gas from which CO has 
been removed is fed through a reformed gas outlet 30 to 
a fuel cell for example. 

[0091] The fuel to be introduced through the fuel 
feeding part 21 is not particularly restricted providing it 
can feed hydrogen, and examples thereof include vari- 
ous fuels of hydrocarbon type, ether type and alcohol 
type such as natural gas, coal gas, liquefied petroleum 
gas, propane gas, kerosene; gasoline, methanol and 
dimethyl ether and the like. There can also be used oil 
gases obtained by thermal cracking of petroleum and 
town gases prepared by mixing liquefied petroleum gas. 
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Of them, a 13A town gas is composed of methane as a 
main component and can be used in the same like man- 
ner as natural gas. 

[0092] In the present invention, hydrogen can be 
generated by r e for mi ng the above-described fuel, and s 
as this reforming method, there can be used any 
reforming method such as a steam reforming method in 
which steam is added, a partial reforming method in 
which air is added, reforming methods composed of 
combinations thereof, and the like. 10 
[0093] Therefore, ft may be permissible that steam 
is added through the water feeding part 22 or a mixture 
of air and steam is also added, depending on the kind of 
the above-described reforming method. 
[0094] The feeding ratio of a fuel to steam differs is 
depending on the kind of the fuel the kind of the reform- 
ing method and the like, and it may be advantageous 
that the ratio is not less than the stoichiometric ratio for 
conversion of a fuel into C0 2 and hydrogen and within 
the range in which the effeciency does not decrease. 20 
Specifically, it may be advantageously from 1 to 3 in 
terms of the stoichiometric ratio. 
[0095] When a steam reforming method is used as 
the reforming method, it may be advantageously within 
the ranges described below, for example. 25 



Kind of fuel 


Feeding amount per fuel j 
1 


Natural gas 


2-5 


Propane gas 


6-15 


Kerosene 


20-40 


Gasoline 


16-32 


Methanol 


1-2 


Dimethyl ether 


31 - 26 



[0096] The term "reformation" generally means an 
operation to generate hydrogen from a fuel and steam 
or an oxidant gas (for example, oxygen) or to change 
the composition of a hydrocarbon as the fuel by utilizing 45 
heat or a catalyst to improve the properties and condi- 
tions thereof. In the present invention, it means that 
hydrogen is generated from a fuel and steam and/or an 
oxidant gas. 

[0097] A raw material (mixed) gas composed of a so 
fuel and steam introduced through the fuel feeding part 
21 and the water feeding part 22, thai, passes through 
a flow route equipped with a heat exchange fin 23 and 
comes into contact with a reforming catalyst body 24. 
Hie flow route may advantageously be constituted of a ss 
conventionally known material such as a metal like 
stainless steal (copper, aluminum or the like is possible 
in the case of lower temperature) for example, and the 
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heat exchange fin 23 may also be constituted of a con- 
ventionally known material. 

[0098] The reforming catalyst body 24 plays a role 
that the above-described raw material gas is heated 
with a heating burner 25 and further is allowed to con- 
tact with the reforming catalyst to reform the fuel to gen- 
erate a hydrogen gas. 

[0099] In the present invention, the structure of this 
reforming catalyst body has the feature. Namely, the 
present inventors have intensively studied for solving a 
problem that a conventionally used catalyst body in the 
form of a pellet tends to collapse, and resultantiy, found 
a reforming catalyst body having a structure as 
described below. 

[0100] That is, the reforming catalyst body 24 is 
constituted by allowing catalyst components to be car- 
ried on a carrier having a honeycomb structure, foamed 
body structure of corrugated structure. 
[01 01 ] By adopting such structure, collapse as in a 
conventional catalyst body does not occur, and proper- 
ties can be stabilized for a long period of time. Further, 
since contact area with a raw material gas increases as 
compared with a conventional catalyst body in the form 
of a pellet there are merits that an efficient reaction can 
be effected, the amount of catalysts can be reduced, 
and the heat capacity of a catalyst body can also be 
decreased. 

[01 02] Further, since the surface area per volume is 
large, there are merits that heat dissipation by radiation 
and convection is large and heat-conductivity is also 
high, and further, heat from the heating burner 5 trans- 
fers uniformly to all over the reforming catalyst and the 
reaction heat can be removed quickly. 
[0103] Then, a method for producing the reforming 
catalyst body 24 will be explained. 
[0104] The reforming catalyst body 24 can be pro- 
duced by mixing a powder of a reforming catalyst (cata- 
lyst component) with a dispersing medium to prepare a 
slurry, coating this slurry on a carrier, then drying the 
coated slurry. 

[0105] The reforming catalyst is not particularly 
restricted providing it has a function to generate hydro- 
gen from a fuel and steam and/or oxygen, and exam- 
ples thereof include Ni-type catalysts such as nickel 
carried on alumina, noble metal catalysts such as ruthe- 
nium carried on alumina, rhodium carried on alumina 
and the like. 

[01 06] In the present invention, this reforming cata- 
lyst is ground by an ordinary method to give a powder. 
The particle size of the powder is not particularly 
restricted providing it is in the range wherein dispersibil- 
ity is not disturbed when a slurry is produced and 
releasing does not occur when carried on a carrier. Spe- 
cifically, the range from 1 to 2 pm may be allowable, for 
example. 

[01 07] The dispersing medium which disperses a 
reforming catalyst body is not particularly restricted pro- 
viding it can be evaporated easily after the resultant 
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slurry is coaled on a carrier. Specifically, water, alcohol 
and the lite are exemplified, for example. 
[0108] The carrier used ffi the present invention has 
a honeycomb structure, foamed body structure or corru- 
gated structure, ft is because, contact area with a raw s 
material gas is increased, as described above. In the 
foamed body structure, it is preferable that bubbles 
c ommu nicate each other since when bubbles are 
closed, the raw materia! gas does not pass easily. 
[0109] The material of the carrier is not particularly w 
restricted providing it is stable under hydrogen rich 
atmosphere or high temperature use condition, and 
examples thereof include heat-resistant inorganic mate- 
rials such as cordierite, alumina, silica alumina and mul- 
Irte, high heat-conductive materials such as silicon is 
carbide,, metal materials such as various stainless 
steels, and the like. 

[0110] . The above-desbribed heat-resistant inor- 
ganic material has a merit that when used for a long 
period of time under high temperature condition, stable 20 
function is maintained (kept). 

[01 1 1 ] The above-descrfoed high temperature-con- 
ductive inorganic material has a merit that the tempera- 
ture distribution of the resultant reforming catalyst body 
24 is uniformed, and temperature control thereof 25 
becomes easy, enhancing the reaction efficiency. 
[0112] When the above-described metal material is 
used, there is a merit that molding is easy and 
extremely high resistance against vibration is obtained. 
[011 3] Further, such a carrier may advantageously 30 
be produced from the above-described materials by 
conventional methods such as extrusion molding, sol- 
dering, casting and the like. 

[0114] Coating of a slurry on the above-described 
carrier may advantageously be effected by known meth- 35 
ods conventionally used in the fields of a paint and the 
like, and examples thereof include a spray method, roll 
method and the like. 

[0115] The drying may be natural drying or heat 
drying. When the heating temperature is raised too 40 
much, the function of a catalyst may be possibly dis- 
turbed, requiring caution. 

[0116] The amount of coating of a reforming cata- 
lyst component onto a earner may be appropriately 
selected by those skilled in the art, though it differs 45 
depending on the kind of the catalyst component the 
king of fuel gas and the like. 

[0117] The heating temperature of the reforming 
earner 24 obtained as described above when a raw 
material gas passes through differs depending on the so 
king of a fuel, the kind of the reforming catalyst and the 
like, and generally may be a t em perat u re at which a fuel 
causes a reforming reaction generating a hydrogen gas. 
[0118] Heating temperature ranges for respective 
kinds of fuels are exemplified below. . 55 
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Kind of fuel 


Heating temperature 
ranges 


Natural gas 
Propane gas 
Kerosene 
Gasoline 

Methanol, Dimethyl ether 


500 -800 
500 -800 
500-0)0 
500 - 800 
200-400 



[0119] When a raw material gas passes through the 
reforming catalyst body 24, it becomes a reformed gas 
which usually contains CO in addition to hydrogen (for 
example, about 10% CO is contained when natural gas 
is used as a fuel and reforming is conducted at a tem- 
perature from 500 to 800 °C). On the other hand, when 
hydrogen obtained in the hydrogen generating appara- 
tus of the present invention is used for example in a 
solid polymer type fuel cell, ft is necessary that the CO 
concentration is reduced to about several thousands 
ppm to 1%. Therefore, this reformed gas is passed 
through a CO shifting catalyst body 27 to reduce the CO 
concentration in the reformed gas to about several thou- 
sands ppm to 1%. 

[0120] The production method and the like of the 
CO shifting catalyst body 27 are the same as those in 
the case of the above-described reforming catalyst 
body 24 except that the kinds of catalysts used are dif- 
ferent. > 

[0121] The CO shifting catalyst herein used is hot 
particularly restricted providing it has a function to 
cause a reaction between CO and steam to give CO2 
and hydrogen, and examples thereof include Cu-Zn- 
type catalysts, Fe-Cr-type catalysts and the like, usually 
used. Namely, the "CO shifting" herein referred to 
means a procedure in which CO and steam are reacted 
to give C0 2 and hydrogen, and the high concentration 
(for example, 10%) of CO is lowered to the low concen- 
tration (for example, 1 to 2% or lower). 
[0122] . Further, when methanol, dimethyl ether and 
the like are used as the fuel, reforming can be con- 
ducted at relatively lower heating temperature and the 
concentration of CO contained in the reformed gas 
becomes relatively lower. In such a case, the CO shift- 
ing catalyst body 27 may be eliminated and a CO purifi- 
cation catalyst body 29 described later is only provided. 
[0123] Further, when hydrogen is used in a solid 
polymer fuel cell , it is said desirable that the CO concen- 
tration is reduced to several ppm level. Therefore, in the 
hydrogen generating apparatus of the present invert; 
ion, a reformed gas which has passed through the CO* 
shifting catalyst body 27 is passed through a route c to 
each the CO purification catalyst body 9, to oxidizing 
rod removing CO contained in a trace amount In this' 



17 



EP 1 036 757 A1 



18 



procedure, oxygen is necessary for oxidation of CO 
and, therefore, oxidant gas-feeding part for purification 
28 is provided on the way of a route from the shifting 
catalyst body 27 to the purification catalyst body 29, a 
reformed gas which has passed through the CO shifting 
catalyst body 27 are allowed to contact together with air 
to the shifting catalyst body 27. 

[0124] The production method and the like of the 
CO purification catalyst body 29 are the same as those 
in the case of the above-described reforming catalyst 
body 24 except that the kinds of catalysts used are dif- 
ferent The CO purification catalyst herein used is not 
particularly restricted providing it has a function to 
cause selective oxidation of CO contained in the 
reformed gas or a function to cause a reaction between 
CO and hydrogen for methanization, and examples 
thereof include Pt-type catalysts, Ru-type catalysts and 
the like carried on alumina. When hydrogen obtained 
from the hydrogen generating apparatus of the present 
invention is used in a fuel cell which can operate even 
when it contains several hundreds to several thousands 
ppm of CO, the CO purif ication catalyst body 9 can be 
eliminated. A reformed gas which has passed through 
the CO purification catalyst body 29 thus obtained can 
be taken from the reformed gas outlet 30 and fed to, for 
example, a fuel cell and the like. 
[0125] In the hydrogen generating apparatus of the 
present invention, it is preferable that outer sides of 
chambers, flow routes and the like containing catalyst 
bodies are covered with a heat insulating material. 
[0126] Further, since the reforming catalyst body 
24, the CO shifting catalyst body 27 and the CO purifi- 
cation catalyst body 29 are different in the optimum tem- 
perature distribution and heat conducting condition, it is 
also effective that separate materials are selected for 
use from heat-resistance inorganic materials, metal 
materials and high heat-conductive inorganic materials, 
such as use of a metal carrier having a honeycomb 
structure excellent in heat-conductivity for the reforming 
catalyst body 24, used of a cordierite carrier having a 
honeycomb structure for the CO shifting catalyst body 
27 and the CO purification catalyst body 29, and the 
like. 

[0127] Further, when a carrier having a honeycomb 
structure is used, composite-forming in the same cata- 
lyst body may also be an effective means for improving 
temperature distribution, such as placing of a metal rod 
in the center part thereof, constitution of the upstream 
part and the downstream part with different materials, 
and the like. 

[0128] Air is added instead of steam through the 
water feeding part 22 for conducting partial reforming, 
the proportion of hydrogen contained in the reformed 
gas decreases, however, a combustion reaction occurs 
simultaneously with reforming in the reforming catalyst 
body 24, rendering heating of the catalyst body easy. 
Also in til's case, by using a carrier having a honeycomb 
structure, the contact area between the raw material 



gas and the reforming catalyst body increases, and the 
effective reaction becomes possible. 
[01 29] When air and steam are added simultane- 
ously, intermediate properties between steam reforming 

5 and partial reforming are obtained. 

[0130] Further, chambers, flow routes and the like 
containing therein catalyst bodies can be produced from 
materials such as, for example, stainless steal and the 
like by an ordinary method. 

10 [0131] The following examples will illustrate the 
present invention below, but do not limit the scope of the 
present invention. 

Example 3 

15 

[0132] Pelletized catalysts for reforming, CO shift- 
ing and CO purification were respectively ground (parti- 
cle size: about 1 pm), and dispersed in water in a ratio 
of catalyst componentwater of 1:2 (by weight) and 

20 made into slurries. These slurries were coated on carri- 
ers made of cordierite having a honeycomb structure, to 
obtain a reforming catalyst body 24, a CO shifting cata- 
lyst body 27 and a CO purif ication catalyst body 29. 
[0133] These catalyst bodies were incorporated 

25 into a hydrogen generating apparatus shown in Fig. 3. A 
desulfurized town gas was introduced through the fuel 
feeding part 21 at a flow rate of 50 liter per minute and 
steam was introduced through the water feeding part 22 
at a flow rate of 150 liter per minute, and they were 

30 heated for reaction by a heating burner 25 so that the 
temperature of the reforming catalyst body 24 reached 
about 800°C. 

[0134] The composition of the produced gas 
excepting steam after passing through the reforming 

35 catalyst body 24 was measured by gas chromatography 
to find about 80% hydrogen, about 12% CO, about 8% 
carbon dioxide and 500 ppm methane. 
[01 35] When this reformed gas was passed through 
the CO shifting catalyst body 27, the CO concentration 

40 became about 3000 ppm, and further, air was intro- 
duced though an oxidant gas feeding part 28 so that the 
oxygen concentration readied 2% and was reacted by 
using the CO purification catalyst body 29 to find a CO 
concentration of 5 ppm. 

45 [0136] The hydrogen generating apparatus was 
stopped once, then, started. Further, the stopping and 
starting operation was repeated 1500 times and the 
reformed gas composition was measured to find that 
methane concentrations was 800 ppm after passing the 

so reforming catalyst body 24, about 4500 ppm after pass- 
ing the CO shifting catalyst body 27, and 7 ppm after 
passing the CO purification catalyst body 29. 

Example 4 

55 

[0137] The hydrogen generating apparatus 
obtained in Example 3, a fuel cell and a driving motor 
were connected and mounted on an automobile, and a 
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1 00000 km driving test was conducted . 

[0138] After the driving, the composition of the 
reformed gas was measured-by gas chromatography in 
the same manner as in Example 3 to find that a meth- 
ane concentration was 1000 ppm after passing the s 
reforming catalyst body 24, a CO conc entrati on was 
about 4800 ppm after passing the CO shifting catalyst 
body 27, and a CO concentration was 9 ppm after pass- 
ing the CO purification catalyst body 29. 

- 10 

Example 5 

[0139] The hydrogen generating apparatus was 
operated in the same manner as in Example 3 except 
that a Fe-Cr-AI type stainless steel was used instead of is 
cordierite as the material of a carrier having a honey- 
comb structure. ... 

[0140] . The composition of the produced gas 
excepting steam after passing through the reforming 
catalyst body 24 was measured by gas chromatography 20 
to find about 80% hydrogen, about 12% CO. about 8% 
carbon dioxide and 300 ppm methane. 
[0141 ] When this reformed gas was passed through 
the CO shifting catalyst body 27, the CO concentration 
became about 2500. ppm, and further, air was intro- 25 
duced though the oxidant gas feeding part 28 so that 
the oxygen concentration reached 2% and was reacted 
by using the CO purification catalyst body 29 to find a 
CO concentration of 3 ppm. 

[0142] The hydrogen generating apparatus was 30 
stopped once, then, started. Further, the stopping and 
starting operation was repeated 1500 times and the 
reformed gas composition was measured to find meth- 
ane concentrations of 700 ppm after passing the 
reforming catalyst, body 24. of about 4000 ppm after 35 
passing the CO shifting catalyst body 27, and of 6 ppm 
after passing the CO purification catalyst body 29. 

Comparative Example 1 

.40 

[0143] Pelletized catalysts for reforming, CO shift- 
ing and CO purification used in -Example 3 were filled, 
without grinding, into chambers as shown in Fig. 4, and 
a desulfurized town gas was introduced through a fuel 
feeding part 31 at a flow rate of 50 liter per minute and 45 
steam was introduced through a water feeding part 32 
at a flow rate of 1 50 liter per minute. 
[0144] A reforming catalyst body 34 was heated for 
reaction by a heating burner in the same manner as in 
Example 3. and the composition of the produced gas so 
after passing through the reforming catalyst body 34 
excepting steam after passing through the reforming 
catalyst body 34 was measured by gas chromatography 
to find about 80% hydrogen, about 12% CO, about 8% 
carbon dioxide and 600 ppm methane. \ 55 

[0145] When this reformed gas was passed through 
a CO shifting catalyst body 37, the CO concentration 
became about 3500 ppm. Further, when. air was intro- 



duced though an oxidant gas feeding part 38 so that the 
oxygen concentration reached 2% and was reacted by 
using a CO purification catalyst body 39, a CO concen- 
tration became 6 ppm. 

[0146] Then, the hydrogen generating apparatus 
was stopped, then, started Further, the s top ping and 
starting operation was repeated 1500 times and the 
reformed gas composition was measured to find a 
methane conc entrati ons of 9000 ppm after passing the 
reforming catalyst body 34, a CO concentration of about 
14500 ppm after passing the CO shifting catalyst body 
37, and a CO concentration of 5500 ppm after passing 
the CO purification catalyst body 39. The pelletized 
body was taken out of the reaction chamber and 
observed to find that a part of the palletized catalyst col- 
lapsed to be a size about three-forth of the original size. 

Comparative Example 2 

[0147] The hydrogen generating apparatus in Com- 
parative Example 1, a fuel cell and a driving motor were 
connected and mounted on an automobile, and a 
100000 km driving test was conducted like in Example 
4. 

[0148] After the driving, the composition of the 
reformed gas was measured by gas chromatography to 
find a methane concentration of 20000 ppm after pass- 
ing the reforming catalyst body 34, a CO concentration 
of about 1 6000 ppm after passing the CO shifting cata- 
lyst body 37, and a CO concentration of 9000 ppm after 
passing the CO purification catalyst body 39. * 
[0149] The palletized catalyst body was taken but of 
the reaction chamber and observed to find that the pal- 
letized catalyst collapsed significantly to be a size about 
a half of the original size. 

[0150] As is apparent from the comparison between 
the evaluation results of examples and comparative 
examples, according to Practical Embodiment 3 of the 
present invention, a hydrogen generating apparatus can 
be provided which elongates the life of a catalyst sup- 
presses influences by stopping of operation of an appa- 
ratus, repetition of operation and vigorous vibration, and 
operate for a long period of time in a stable manner. 

Embodiment 4 

* " ■ 

[0151] Embodiment 4 of the present invention will 
be illustrated referring to drawings below. 
[0152] Fig. 5 is a schematic constitution view of 
Embodiment 4 of a hydrogen generating apparatus of 
the present invention. 

[01 53] In the hydrogen generating apparatus shown 
in Fig. 5, a fuel is introduced through a fuel feeding part 
41 and steam is added through a water feeding part for 
fuel reforming 42: A raw material gas prepared by mix- 
ing the fuel and stead passes through a flow route hav- 
ing a heat exchange fin 23. The raw material gas comes 
into contact with a reforming catalyst body 44 heated by 
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a heating burner 45 and reacts therewith, to produce a 
reformed gas. In this operation, a combustion gas is dis- 
charged from a discharging port 46. Then, the amount 
of CO contained in this reformed gas is reduced by a 
CO shifting catalyst body 47. Further, since CO is 
required to be removed to several ppm level for use in a 
solid polymer fuel ceil, a small amount of air is intro- 
duced through a CO purifying oxidant gas-feeding part 
48, and CO is oxidized to be removed by using a CO 
purification catalyst body 49. A reformed gas from which 
CO has been removed is fed through a reformed gas 
outlet 50 to a fuel cell for example. 

[0154] A first filter 51 and a second filter 52 are 
placed respectively at the downstream side of the 
reforming catalyst body 46 and the CO shifting catalyst 
body 47. 

[0155] For keeping the reaction vessel at constant 
temperature, parts of the apparatus may be covered 
with heat insulation materials. The catalyst body may be 
conventional one, and it is preferable to use a Ni catalyst 
for the reforming catalyst body, a Cu-Zn catalyst for the 
CO shifting catalyst body, and a Pt catalyst for the CO 
purification catalyst body, respectively. 
[0156] Examples of the fuel for generating a 
reformed gas are town gas (natural gas), propane, ker- 
osene, gasoline, methanol, dimethyl ether and the like. 
As the reforming method, there are a steam reforming 
method in which steam is added, a partial reforming 
method in which air is added, reforming methods com- 
posed of combinations thereof, and the like. 
[0157] Herein, a case in which natural gas is used 
as the fuel gas and steam-reforming is conducted will 
be described as a typical example. However, reforming 
methods using other fuel or composed of partial reform- 
ing or a combination of partial reforming and steam 
reforming can be applied to the present method though 
the composition of the resulting reformed gas differs 
slightly and the temperature condition in reforming 
changes. 

[0158] Operation and characteristics of a hydrogen 
generating apparatus according to Practical Embodi- 
ment 4 will be illustrated. 

[0159] A fuel is introduced through a fuel feeding 
part 41 and steam in an amount of about 3-fold based 
on the fuel is added through a water feeding part 42. 
The mixed raw material gas is heated by a heating 
burner 44, and comes into contact with a reforming cat- 
alyst body 46 which has been heated to about 500 to 
800°C and reacts, to produce a reformed gas Since this 
reformed gas contains CO in an amount of about 10% in 
addition to hydrogen, the concentration of carbon mon- 
oxide is reduced to about several thousands ppm to 1% 
by using a CO shifting catalyst body 47. Further, when 
the resulted hydrogen gas is used in a solid polymer fuel 
ceil, it is necessary that the CO concentration is 
reduced to about several ppm, therefore, a small 
amount of air is introduced through an oxidant gas feed- 
ing part 48 and CO is oxidized to be removed by using 



a CO purification catalyst body 49. The reformed gas 
from which CO has been removed is fed through a 
reformed gas outlet 50 to a fuel cell. 
[0160] As described above, in the case of a fuel cell 

5 system for automobile uses or domestic uses, frequent 
starting up and stopping should be repeated, and in this 
operation, significant heat impact is imparted to each 
catalyst body. Particularly in the case of automobile 
uses, vibration is applied to catalyst bodies in driving, ff 

10 an apparatus is operated for a long period of time under 
such conditions, a catalyst body is cracked gradually 
and fine powder may be formed. At that time, there is no 
significant influence on the reactivity of a catalyst body 
itself, however, a catalyst powder fallen from the catalyst 

15 body fies or scattered to the downstream side. When a 
catalyst powder is thus scattered, the powder is col- 
lected mainly onto a catalyst body situated at the down- 
stream side of the catalyst body caused the scattering. 
Specifically, the reforming catalyst is collected on a CO 

20 shifting part and a CO shifting catalyst is collected on a 
CO purification part. 

[0161] Usually, since a catalyst which can be 
applied as a reforming catalyst for a hydrocarbon acts 
as a methanization catalyst under temperature condi- 

25 tion wherein a CO shifting catalyst acts, a catalyst pow- 
der scattered from a reforming catalyst body 
consequently reduces the methane conversion. Further, 
also when a powder scattered from a CO shifting cata- 
lyst body is collected on a CO purification catalyst body, 

30 bad influences are exerted likewise. In the CO purifica- 
tion part, CO is selectively oxidized by addition of air, 
however, a CO shifting catalyst collected on a CO puri- 
fication catalyst body reduces the selectivity of CO oxi- 
dation and simultaneously, a CO shifting catalyst 

35 reached near the downstream part of the CO purifica- 
tion catalyst causes a reaction between carbon dioxide 
and hydrogen by a reverse shift reaction and increases 
the CO concentration. 

[0162] On the other hand, when a first filter 51 and 

40 a second filter 52 are placed respectively at the down- 
stream side of a reforming catalyst body and a CO shift- 
ing catalyst body, as in Embodiment 4, the apparatus 
can be operated for a long period of time in a stable 
manner without a scattered catalyst powder being col- 

45 lected on a CO shifting catalyst body and a CO purifica- 
tion catalyst body as described above. 
[01 63] In this case, it is preferable that the first filter 
51 at the downstream side of the reforming catalyst 
body 46 is set at a temperature wherein the methaniza- 

so tion reaction does not proceed substantially. Since the 
methane reforming reaction is an equilibrium reaction 
depending on temperature, the methanization reaction 
proceeds in the temperature range from about 300 to 
400°C. Accordingly, the methane conversion 

55 decreases. In the present embodiment, it is preferable 
that the first fitter 51 is placed near and downstream of 
the reforming catalyst body 46 to control the tempera- 
ture of the filter 51 near that of the reforming catalyst 
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body 46. The temperatu re wherein the mechanization 
reaction does not pro gre ss substantially means a tem- 
perature, range wherein the methane coficerrtration 
does not usually exceed 1 to 5%, depending on the 
methane conversion of the intended apparatus. 

[Q164] As the above-d escribed first filter 51 and 
second fffier 52, filters can be used constituted of ffoer 
composed of a metal, ceramics or complex thereof . ft is 
also preferable to use filters in the form of mesh, honey- 
comb or foam composed of a metal, ceramics or com- 
plex thereof. 

[0165] For producing the filter, wool composed of a 
heat-resistant material such as stainless steal, glass or 
quartz may be installed in a tube to provide a thickness 
of several cm or may be compressed and molded into a 
thickness of several mm. 

[0166] These are structures which can collect a 
scattered, catalyst particle, and fully cheap materials 
under use conditions. There is an effect that the surface 
is porous and a half or. more of the catalyst scattered 
before passing through is collected. -,: 
[0167] In the practical embodiment; the first filter 51 
and second filter 52 are placed in ordinary narrow 
routes, however, the route at the filter part can be thick- 
ened so that the fitter area increases, and the filter can 
be bent to suppress increase in pressure loss of the fil- 
ter due to clogged catalysts. 

[0168] Since pressure loss increases by clogging of 
the filter, it is preferable to place pressure detecting 
instruments at the upstream side and the downstream 
side of the first filter 51 and the second filter 52. When 
the pressure . loss increased, pumps for feeding fuels 
arid the like are loaded, decreasing efficiency. There- 
fore, by detecting pressures before and after the filters, 
pressure; loss by the first filter 51 and the second filter 
52 is measured, and when it reaches the predeter- 
mined standard value, the filter can be exchanged for 
operation of the hydrogen generating apparatus for a 
long period of time in a stable manner, 
[0169] In the present embodiment, since it is 
required that a solid polymer cell is used as the fuel cell 
and the CO concentration is reduced to ppm level, a CO 
purification catalyst body may be dispensable if the fuel 
cell part acts with a reformed gas containing CO in an 
amount from several hundreds to several thousands 
ppm, as described in the case, wherein a reforming cat- 
alyst body, a GO shifting catalyst body and a CO purifi- 
cation catalyst body are all provided. ~ 
[01 70] . When a fuel such as methanol and dimethyl 
ether is used, reforming is possible at a lower tempera- 
ture around 300°C, arid the CO concentration after 
reforming relatively decreases, therefore, there is also a 
case in which operation is possible only with a CO puri- 
fication catalyst body even without employing a CO 
shifting catalyst body In this case, since a catalyst sinv 
Har to a CO shifting catalyst, for example, a copper-zinc-: 
type catalyst is used as the reforming catalyst, the scat-! 
ered catalyst powder has the same influence with the 



scattered CO s hifting catalyst of the present example, 
and it is preferable to place a filter downstream of the 
reforming catalyst body 

[0171] In the present embodiment, an example in 

5 which a fuel is steam- re f orm ed is described, however, 
when partially reforming is conduced while adding air 
instead of steam, the proportion of hydrogen contained 
in the reformed gas decreases, and a combustion reac- 
tion occurs simultaneously with reforming on the cata- 

10 lyst and heating of the catalyst body becomes easy. Still 
more, when air and steam are added simultaneously, 
intermediate properties between the steam reforming 
and the partial reforming are obtained. 
[0172] Further, it is preferable to use a Ni catalyst 

is for the reforming catalyst body, a Cu-Zn catalyst for the 
CO shifting catalyst body, and a Pt catalyst for the GO 
purification catalyst body respectively, however, in the 
present invention, catalysts are not restricted particu- 
larly to the above-described examples providing they 

20 have activities to the reforming reaction, CO shifting 
reaction and CO purification reaction. 
[0173] A catalyst in the form of a pellet is used as 
the catalyst body, however, other forms may also be 
used, such as a catalyst body carried on honeycomb. 

25 [0174] In the present practical embodiment, filers 
are used as scattering preventing means in the present 
irrvention, however, there are also other possible means 
such as a method in which a band is formed to be col- 
lected on the way of the route downstream of the cata- 

30 lyst body utilizing the flow of a reformed gas, a method 
in which the inner surface of the route is processed by 
surface treatment for absorption of a powder, providing 
tfiey are means for preventing scattering of a catalyst 
powder. 

35 ■ . . : - •' > 
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{0175] Embodiment 5 of the present invention will 
be illustrated. In the present practical embodiment, as 

40 shown in Fig. 6, thermocouple 73 and measuring appa- 
ratus 74 connected to the thermocouple 73 are placed 
near a first filter 71 , and the first filter 71 at the down- 
stream side of a reforming catalyst body is set at a tem- 
perature wherein the methanization reaction 

45 progresses substantially. Most of the actions and effects 
of the present embodiment are the same as those in 
Embodiment 4. Therefore; the present embodiment will 
be illustrated mainly on different parts. 4 
[0176] Fig. 6 is a schematic constitution view of the 

so present embodiment. The first filter 71 is placed ne^ar 
the intermediate part between a reforming catalyst body 
66 and a CO shifting catalyst body 67, and the temper- 
ature thereof is in the range from 400 to 500°C which is 
also sandwiched between them. When the first filter 71 

55 collects the scattered catalyst from the reforming cata- 
lyst body 66, heat generation occurs since the tempera- 
ture of the first filter 71. is a temperature at which the 
methanization proceeds: The heating value is in propbH 
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tion with the amount of the scattered catalyst collected 
on the first fitter 71 , and by detecting the temperature by 
thermocouple 73 placed near the first filter 71 , the 
amount of the scattered catalyst collected on the first fil- 
ter 71 can be estimated When the terrperature of the 5 
first filter 71 reached the standard value previously 
determined, if the filter is exchanged, the hydrogen gen- 
erating apparatus can be operated for a long period of 
time in a stable fashion. 

[0177] In the present embodiment, the thermocou- 10 
pie are placed near and at the downstream of the titer 
as shown in Fig. 6, however, the thermocouple can be 
placed near and at the upstream side, on the side face 
or outside of the tube, depending on the constitution. As 
the temperature detecting apparatus, there can also be is 
used detecting means which detect temperature giving 
signals, such as thermistors, bimetals and the like. 
[0178] The following examples illustrate Embodi- 
ments 4 and 5 of the present invention more specifically, 
but dot not limit the scope thereof. 20 

Example 6 

[0179] A reforming catalyst body 46 composed of a 
Ni-type reforming catalyst, a shifting catalyst body 47 25 
composed of a Cu-Zn-type CO shifted catalyst and a 
purification catalyst body 49 composed of a Pt-type CO 
selective oxidation catalyst were respectively filled in a 
hydrogen generating apparatus shown in Fig. 5. A first 
filter 51 and a second filter 52 composed of stainless 30 
metal fiber having a fine diameter of 0.1 um were 
respectively laced at downstream side of the reforming 
catalyst body 46 and the CO shifting catalyst body 47. A 
de-suffurized town gas was introduced through a fuel 
feeding part 41 at a flow rate of 50 liter per minute and 35 
steam was introduced through a water feeding part 42 
at a flow rate of 150 liter per minute, and they were 
heated for reaction by a heating burner 44 so that the 
temperature of the reforming catalyst body 46 reached 
about 800°C. 40 
[0180] The composition of the reformed gas except- 
ing steam after passing through the reforming catalyst 
body 46 was measured by gas chromatography to find 
about 80% hydrogen, about 11% CO, about 9% carbon 
dioxide and 0.05% methane. Further, the CO concen- 45 
tration was 8 ppm after passing the purification catalyst 
body 49. And the temperatures of the first filter 51 and 
second filter 52 were measured to find they were 700°C 
and 150°C, respectively. 

[0181] The hydrogen generating apparatus was so 
stopped once, then, started. Further, the stopping and 
starting operation was repeated 1500 times and the 
reformed gas composition was measured in a like man- 
ner. The methane concentrations in the gas before and 
after passing the first filter 51 and the methane concen- 55 
trations in the gas after passing the CO shifting catalyst 
body 47 were all 0.06%. The CO concentration of the 
gas after passing the CO purification catalyst body 49 



was 9 ppm. The pressures before and after the first filter 
51 and the second titer 52 were measured and pres- 
sure losses were calculated based on the original pres- 
sures to find they were 20 mAq and 40 mAq, 
respectively. The filters were removed from the appara- 
tus and weights of the catalyst powder adhered were 
measured to find that the increase in weight of the first 
filter 51 was 12 g and that of the second filter 52 was 38 

g. 

Example 7 

[0182] The hydrogen generating apparatus of 
Example 5, a fuel cell and a driving motor were con- 
nected and mounted on an automobile, and a 20000 km 
driving test was conducted. After the driving, the com- 
position of the reformed gas was measured by gas 
chromatography in the same manner as in Example 5 to 
find that the methane concentrations in the gas before 
and after passing the first filter 51 and the methane con- 
centrations in the gas after passing the CO shifting cat- 
alyst body 7 were all 0.08%. The CO concentration of 
the gas after passing the CO purification catalyst body 4 
was 10 ppm. 

Example 8 

[0183] As shown in Fig. 6, a first filter 71 was placed 
at the intermediate part between a reforming catalyst 
body 66 and a CO shifting catalyst body 67. Thermo- 
couple 73 were placed so that they were in contact with 
the first filter 71, and signals of the thermocouple 73 
were read by a measuring apparatus 74. 
[0184] A de-sulfurized town gas was introduced 
through a fuel feeding part 61 at a flow rate of 50 liter 
per minute and steam was introduced through a water 
feeding part 62 at a flow rate of 1 50 liter per minute. The 
composition of the gas after passing through the reform- 
ing catalyst body 66 was found to include about 80% 
hydrogen, about 1 1% CO, about 9% carbon dioxide and 
0.05% methane. Further, the composition of the gas 
after passing a CO shifting catalyst body 67 included 
0.05% methane and 0.3% CO, respectively. Further, the 
CO concentration of the gas after passing a CO purifica- 
tion catalyst body 69 was 8 ppm. 
[0185] The hydrogen generating apparatus was 
stopped once, then, started in the same manner as in 
Example 5. Further, the stopping and starting operation 
was repeated 1500 times and the reformed gas compo- 
sition was measured. The methane concentrations in 
the gas after passing the reforming catalyst body 66 
was 0.06%, and the methane concentration of the gas 
after passing the reforming catalyst body 66 was 5.5%. 
The CO concentration of the gas after passing the CO 
shifting catalyst body 27 was 0.3%, and the CO concen- 
tration of the gas after passing the CO purification cata- 
lyst body 29 was 10 ppm. The temperature of the first 
filter 71 was compared with the original value to find a 
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increase of 15°C. The first filter 71 was removed from 
the apparatus and weight of the catalyst powder 
adhered was measured to find that the weight of the cat- 
alyst powder adhered to the first f Bter 71 was 12 g. 

[0186] Then, the first fitter 71 was changed to a new 5 
one, and the hydrogen generating apparatus was 
started up again. The methane concentration of the gas 
before and after passing the first filter 71 and the meth- 
ane concentration of the gas after passing the CO shift- 
ing catalyst body 27 were each 0.06%. The CO 10 
concentration of the gas after passing the CO purifica- 
tion catalyst body was 9 ppm. 

Comparative Example 3 

15 

[0187] The first filter 51 and the second filter 52 
were removed in Example 5 and town gas and water 
were reacted. A de-sulfurized town gas was introduced 
through the fuel feeding part 41 at a flow rate of 50 liter 
per minute and steam was introduced through the water 20 
feeding part 42 at a flow rate of 1 50 liter per minute, and 
they were reacted. The composition of the reformed gas 
was found to include about 80% hydrogen, about 11% 
CO, about 9% carbon dioxide and 0.05% methane. Fur- 
ther, the composition of the gas after passing the CO 25 
shifting catalyst body 7 included 0.05% methane and 
0.3% CO, respectively. Further, the CO concentration of 
the gas after passing the CO purification catalyst body 9 
was 8 ppm. 

[0188] The hydrogen generating apparatus was 30 
stopped once, then, started in the same manner as in 
Example 5. Further, the stopping and starting operation 
was repeated 1 500 times and the reformed gas compo- 
sition was measured. The methane concentrations in 
the gas after passing the reforming catalyst body 6 was 35 

0. 06%, and the methane concentration of the gas after 
passing the CO shifting catalyst body 7 was 5.5%. Fur- 
ther, the CO concentration of the gas after passing the 
CO shifting catalyst 7 was 0.3%, and the CO concentra- 
tion of the gas after passing the CO purification catalyst 40 
body 9 was 350 ppm. 

[01 89] As is apparent from the comparison between 
the evaluation results of Examples 6 to 8 and Compara- 
tive Example 3, the hydrogen generating apparatuses of 
Practical Embodiments 4 and 5 prevents influences by as 
stopping of operation of an apparatus, repetition of 
operation and scatter of a catalyst due to vigorous vibra- 
tion, and can be operated for a long period of time in a 
stable manner. 

50 

Claims 

1 . A hydrogen generating apparatus comprising a fuel 
feeding part a water feeding part for fuel reforming, 

an oxidant gas feeding part, a reforming catalyst 55 
body, a heating part for said reforming catalyst, a 
CO shifting catalyst body and a CO purification cat- 
alyst body, the reforming catalyst body, the CO 



shifting catalyst body and the CO purification cata- 
lyst body being placed sequentially in the order 
from said fuel feeding part toward the downstream 
side, wherein 

a fuel and water are fed to said reforming part 
which has been heated, 
an oxidant gas from said oxidant gas feeding 
part is mixed with each of said reformed gas 
introduced into said shifting part and a shifted 
gas obtained in said shifting part and intro- 
duced into said purification part, and 
at least a part of said reformed gas and at least 
a part of said shifted gas are oxidized respec- 
tively in said shifting part and said purification 
part. 

2. The hydrogen generating apparatus in accordance 
with claim 1 , wherein a shifting catalyst of said shift- 
ing catalyst body contains as one component at 
least a platinum group-type catalyst - 

3. The hydrogen generating apparatus in accordance 
with claim 1 , wherein said apparatus has a shifting 
catalyst temperature measuring part to measure 
the temperature of said shifting catalyst body, and 
the temperature of the shifting catalyst is controlled 
by controlling the amount of an oxidant gas to be 
mixed with said reformed gas. 

4. The hydrogen generating apparatus in accordance 
with claim 1 . wherein said apparatus has a purifica- 
tion catalyst temperature measuring part to meas- 
ure the temperature of said purification catalyst 
body, and the temperature of the purification cata- 
lyst is controlled by controlling the amount of an oxi- 
dant gas to be mixed with said shifted gas. 

5. The hydrogen generating apparatus in accordance 
with claim 1, wherein an oxidant gas from said oxi- 
dant gas feeding part is mixed with a fuel and water 
from said fuel feeding part and the water feeding 
part. 

6. The hydrogen generating apparatus in accordance 
with claim 5, wherein said apparatus has a reform- 
ing catalyst temperature measuring part which 
measures the temperature of said reforming cata- 
lyst body and the temperature of the reforming cat- 
alyst is controlled by controlling the amount of an 
oxidant gas to be mixed with said fuel and water. 

7. The hydrogen generating apparatus in accordance 
with claim 1 , wherein each of said reforming cata- 
lyst body, CO shifting catalyst body and CO purifi- 
cation catalyst body comprises a carrier having a 
honeycomb structure, foamed body structure or 
corrugated structure carrying a catalyst compo- 
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8. The hydrogen generating apparatus in accordance 
with claim 1 , wherein said water feeding part for fuel 
reforming feeds also air together with steam. s 

9. The hydrogen generating apparatus in accordance 
with claim 1 , wherein said water feeding part for fuel 
reforming feeds only air. 

10 

10. The hydrogen generating apparatus in accordance 
with claim 1 , wherein a scatter preventing means is 
provided at least between said reforming catalyst 
body and said CO shifting catalyst body or between 
said CO shifting catalyst body and said CO purrfica- is 
tion catalyst body. 

11. The hydrogen generating apparatus in accordance 
with claim 10, wherein said scatter preventing 
means is a filter, and a pressure detecting appara- 20 
tus which detects pressure loss of said filter is 
placed at the upstream side and at the downstream 
side of said fitter. 

12. The hydrogen generating apparatus in accordance 25 
with claim 11, wherein a terrperature detecting 
apparatus is provided at a position near said filter. 
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